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成出性能良好的 LiFePO4/C 复合正极材料，首次和第 100 次放电比容量分别为 154 
mAh g
-1


















































































Nowadays, poly-anion compounds are one of the extensively studied 
cathode materials for the anticipated next generation lithium ion batteries. 
Poly-anion cathode materials (such as phosphate cathode materials) are 
attractive for low-cost, good cyclic stability, and excellent thermal 
stability. However, their low electronic conductivity impedes their use 
as electrode materials in high-power batteries. In this thesis, LiFePO4/C 
composite material with enhanced electrochemical performance was 
synthesized by a modified in-situ carbon coating method. Generally, the 
performance of poly-anion cathode materials can be improved by carbon 
coating and metal ion doping. However, it still appears as an interesting 
subject that if the modification of micro-structure of this type electrode 
materials (such as the importation of mesoporous structure into the 
electrode materials) can enhance their electrochemical performance and 
that how the mesoporous structure affects. Therefore, the effect of 
mesoporous structure on the electrochemical performance of mesoporous 
FePO4,TiP2O7 and TiPOx cathode materials were proposed and systematically 
studied in the thesis. 
An in-situ carbon coating method was established to synthesize 
LiFePO4/C composite material. LiFePO4/C delivered a specific capacity of 
154 mAh g
-1
 during the first discharge process, and 134 mAh g
-1
 at the 
hundredth cycle. The average rate attenuation is reduced to 0.10％. The 
improvement of capacity and cyclic stability by carbon coating are 
attributed to the electronic conductivity enhancement, larger specific 
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 IV
Moreover, this in-situ carbon coating method can be used in the modification 
of the similar electrode materials. 
A modified sol-gel template method with further calcinations was 
established to synthesize mesoporous electrode materials, including 
ordered mesoporous amorphous FePO4, amorphous TiP2O7 ， and hexagonal 
mesoporous amorphous TiPOx cathode materials. 
Mesoporous FePO4, calcinated at 450 ℃  with P123(EO20-PO70-EO20)/Fe  
molar ratio equal to 0.078, delivered an enhanced specific capacity of 160 
mAh g
-1
 during the 1
st
 discharge process, 89.8 % of theoretical capacity, 
and 135 mAh g
-1
 in the following cycles. When further cycled at 1 C (170 
mA g
-1
) and 3 C (510 mA g
-1
), it delivered 110 and 85 mAh g
-1
，respectively, 
much higher than that of reported modified FePO4 materials. Enhancement of 
performance can be attributed to the introduction of mesoporous structure 
into electrode materials with quite low carbon content (< 2 ％). EIS tests 
proved that mesoporous structure and the residual carbon in FePO4 materials 
can enhance the lithium ion intercalation/deintercalation kinetics by 
reducing the charge transfer resistance (Rct). The irreversible capacity 
in the 1
st
 cycle was mainly caused by the formation of SEI layer in the surface 
of electrode materials. The capacity decay during cycling may be caused 
by the increasing of the resistance of SEI layer and charge transfer 
process. 
Mesoporous amorphous TiP2O7 showed a lithium intercalation behavior 
similar to that of solid solution, but it is different from the two-step 
lithium intercalation mechanism of crystalline TiP2O7. At high 
charge/discharge rate, mesoporous amorphous TiP2O7 (prepared at 700 ℃) 
delivered a higher specific discharge capacity than that of crystalline 
TiP2O7，which indicated the role of mesoporous structure in improving the 
transportation and intercalation behavior of lithium ion in mesoporous 
electrode materials. 
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synthesized under certain condition. The key point is that the rate of 
hydrolysis of inorganic precursor should be smaller than that of the 
formation of ordered mesophase which requires enough aging time. Moreover, 
the mesophase structure only can be kept during template removal by a 
previous solidification process at 80 ℃ and 120 ℃. Electrochemical tests 
showed that mesoporous TiPOx had good reversible charge/discharge behavior 
and cyclic performance, which should be attributed to its special 
micro-structure, such as connected pores, large pore size, large specific 
surface area, and stable material structure maintained by PO4
3-
。 
According to the above results, mesoporous structure enhances 
electrochemical performance of mesoporous electrode material can be 
summarized as the following three reasons. Firstly, the connected mesopores 
facilitate the fast transport of electrolyte with lithium ions. Secondly, 
the large specific surface area of the materials can afford enough active 
sites for many lithium ions to simultaneously intercalate/deintercalate. 
Thirdly, the thin pore wall of the materials can reduce the lithium ion 
diffusion distance and thus make the inner materials active.  
To sum up this work, the results of the modifications of poly-anion 
cathode materials, especially the investigation of mesoporous cathode 
materials, will be useful in the development and exploration of new 
electrode materials with excellent safety and of high power systems such 
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